1. Introduction
===============

*Mya arenaria* is one of the most important commercial clams in the USA, being used as a food source \[[@b1-ijms-13-02515]\]. Its current distribution includes the northwest Atlantic (from Nova Scotia to Virginia), the northeast Pacific (from San Francisco to Alaska) and the European seas (North, Black, Baltic, Mediterranean, Waden and White Seas) and is similar to the distribution of the species before the Last Glacial Maximum. During the Pleistocen glaciation, it is thought that all the softshell clam populations died out, except the one from the north-west of the Atlantic \[[@b2-ijms-13-02515]\]. After this event, *M. arenaria* has reinvaded the eastern regions of the Atlantic, most likely as a result of human activity, and it is thought that the re-invasion of the European coasts has begun somewhere in the thirteenth century as a result of Viking expeditions \[[@b3-ijms-13-02515]\]. The softshell clam was recorded for the first time in the Black Sea in 1966 in Odessa Bay and, since then, it has spread rapidly on Romanian and Ukrainian coasts \[[@b2-ijms-13-02515]\].

Genetic population studies on invasive species are useful in obtaining information about the geographic origins of invasive populations, the route(s) of invasion, number of introductions, and levels of genetic diversity and gene flow. Lately, DNA microsatellite markers have become the most utilized tool in studying such processes. However, the microsatellite loci available for molluscs species are still limited \[[@b4-ijms-13-02515]\] and until now, studies of genetic variation on *M. arenaria* were conducted using only allozymes \[[@b5-ijms-13-02515]\] and COI sequences \[[@b6-ijms-13-02515]\]. Recently, 8 microsatellite loci for this species have been described \[[@b7-ijms-13-02515]\]. Computer simulations showed that over 30 microsatellite loci should be used when inferring aspects of the evolutionary history of populations, \[[@b8-ijms-13-02515]\] therefore, additional microsatellite loci are needed for population genetic studies. In this paper we describe another seven new highly polymorphic microsatellite loci which can also be used in analyzing the genetic variability of *Mya arenaria*.

2. Results and Discussion
=========================

All of the sequenced clones contained repetitive motifs, but only 25 of them were suitable for primer design. Out of the 25 primer pairs, only 7 gave consistent amplification and were subsequently used for polymorphism screening ([Table 1](#t1-ijms-13-02515){ref-type="table"}).

The number of alleles per locus ranged from 6 to 14, with an average of 8.9. The observed and expected heterozygosities ranged from 0.417 to 0.951, and from 0.643 to 0.895, with an average of 0.716 and 0.775, respectively ([Table 1](#t1-ijms-13-02515){ref-type="table"}). Significant deviation from Hardy-Weinberg equilibrium was observed after the Bonferroni correction, in 5 out of 14 (36%) possible single exact locus tests (*p* \< 0.05). The results of the Micro-Checker testing showed that three loci (Ma02, Ma06, Ma12) exhibited an excess of homozygotes, most likely due to the presence of null alleles. While some authors reported these phenomena (HW deviation, null alleles) as common for bivalve species \[[@b9-ijms-13-02515],[@b10-ijms-13-02515]\], we also notice that some loci may exhibit HW deviation in some population, but not in others. In our case, Ma02 exhibited HW deviation only in the Constanta (CT) population, while the Ma11 locus exhibited HW deviation only in the Mangalia (MG) population. No significant linkage disequilibrium was found between all pairs of these 7 loci after Bonferroni's correction. While some authors reported a positive correlation between the length of the microsatellite repeat motif and the number of alleles for the respective loci \[[@b11-ijms-13-02515]\], we did not find such a correlation in our data.

3. Experimental Section
=======================

Genomic DNA was extracted from the adductor muscle of a single *Mya arenaria* specimen using a phenol-chloroform protocol optimized for molluscs \[[@b12-ijms-13-02515]\]. We isolated the microsatellite loci using a modified enrichment protocol \[[@b13-ijms-13-02515],[@b14-ijms-13-02515]\]. The microsatellite enriched genomic library was screened for inserts and we selected a number of 55 positive clones (the clones that generated two bands on agarose gel) which were further sequenced using the LICOR 4300L Genetic Analyzer.

A total of 76 individuals of *M. arenaria* were genotyped from two populations sampled in 2011: 35 individuals from Modern Beach, Constanţa, Romania (44°10\'43.1\"N, 28°39\'35\"E) and 41 individuals from Marină Beach, Mangalia, Romania (43°48\'33.5\"N, 28°35\'13.8\"E). All individuals were preserved in 96% ethanol. Total genomic DNA was extracted from muscle tissue using a Macherey-Nagel NucleoSpin^®^ Tissue kit, according to the producer's specifications.

The PCR primers for each microsatellite locus were designed with the Primer3 software \[[@b15-ijms-13-02515]\]. The PCR genotyping reaction was performed in a 10 μL total volume containing about 10 ng of DNA template, 10 mM Tris-HCl (pH 8.8 at 25 °C), 50 mM KCl, 0.08% (v/v) Nonidet P40, 2 mM MgCl~2~, each dNTP at 0.1 mM, each primer at 0.05 μM, 0.02 μM of IRD700 or IRD800 labeled M13 primer and 0.5 units of Taq DNA polymerase (Fermentas UAB, Vilnius, Lithuania). The temperature profile of the PCR reaction consisted of an initial denaturation step at 95 °C for 2 min followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at a specific temperature for each locus (see [Table 1](#t1-ijms-13-02515){ref-type="table"} for details on each locus) for 30 s and extension at 72 °C for 30 s, followed by a final extension step at 72 °C for 5 min. The genotyping process was performed using SagaGT v. 3.1 software package.

GenAlEx 6.4 \[[@b16-ijms-13-02515]\] was used to estimate the number of alleles per locus (Na), observed heterozygosity (Hobs) and expected heterozygosity (Hexp). Deviation from the Hardy-Weinberg equilibrium (HWE) was tested using the same software package. The presence of null alleles was tested using Micro-Checker (v. 2.2.3) \[[@b17-ijms-13-02515]\] while linkage disequilibrium test was carried out using GenePop \[[@b18-ijms-13-02515],[@b19-ijms-13-02515]\].

4. Conclusions
==============

In addition to the previously described markers, these new seven highly polymorphic microsatellite markers are a useful resource for further studying the genetic diversity of native and invasive populations of *Mya arenaria*. Further studies could reveal the route of invasion(s) of this species in the Black Sea, explaining if the invasion was a step-by-step process (from previously established European populations), or the Black Sea populations of *Mya arenaria* were established directly from a North American source.
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###### 

Primer sequences and characteristics of the nine microsatellite loci successfully amplified in *Mya arenaria*.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Marker                          GeneBank accession no.   Repeat motif                    Primer sequence                 Size range   *T*~a~   *N*~A~   *H*~O~                                                 *H*~E~                                                 *P*~HW~                                                         
  ------------------------------- ------------------------ ------------------------------- ------------------------------- ------------ -------- -------- ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------ -- -- -- --
  Ma02                            JN850609.1               (CT)~14~(CT)~2~(CT)~2~          F: ggccctatatacccagcac          204--246     52                                                                                                                                                                                              

  R: tgctgtctgagaagcctgtg         9                        9                               0,552                           0,683        0,801    0,720    0,000 [\*](#tfn2-ijms-13-02515){ref-type="table-fn"}   0,092                                                                                                                  

  Ma06                            JN850610.1               (TC)~25~                        F: cctgacgggaataaaaacca         148--212     50                                                                                                                                                                                              

  R: gactgacactggtaaacatttcg      6                        7                               0,655                           0,417        0,721    0,644    0,383                                                  0,918                                                                                                                  

  Ma11                            JN850612.1               (GA)~6~(GA)~25~                 F: tttggctcagaccatgtcaa         158--198     52                                                                                                                                                                                              

  R: cggcgagcacactgtactat         7                        8                               0,813                           0,951        0,773    0,775    0,165                                                  0,000 [\*](#tfn2-ijms-13-02515){ref-type="table-fn"}                                                                   

  Ma12                            JN850613.1               (CT)~25~                        F: gacatggctgtagaagaaattagaa    198--376     50                                                                                                                                                                                              

  R: ttgcaacctctttggaaaatg        14                       13                              0,765                           0,711        0,895    0,838    0,900                                                  0,258                                                                                                                  

  Ma14                            JN850614.1               (GA)~17~(GA)~6~                 F: agcgtgctaagaatggccta         184--254     53                                                                                                                                                                                              

  R: gcaatttttgaaagtccagagc       6                        7                               0,567                           0,725        0,643    0,674    0,212                                                  0,149                                                                                                                  

  Ma15                            JN850615.1               (GA)~26~                        F: aagggagggagtgacatgaa         241--321     52                                                                                                                                                                                              

  R: taccaaatcccacggtcatt         13                       7                               0,818                           0,902        0,880    0,733    0,000 [\*](#tfn2-ijms-13-02515){ref-type="table-fn"}   0,058                                                                                                                  

  Ma26                            JN850617.1               (GA)~6~(GA)~3~(GA)~16~(GA)~3~   F: gtgcttggttatggcgagtt\        224--306     53                                                                                                                                                                                              
                                                                                           R: gcacacattttattacgagtgtatga                                                                                                                                                                                                                

  (GA)~5~(GA)~3~(GA)~4~(GA)~11~                                                                                                                                                                                                                                                                                                         

  (GA)~3~(GA)~7~                                           9                               9                               0,697        0,771    0,787    0,804                                                  0,007 [\*](#tfn2-ijms-13-02515){ref-type="table-fn"}   0,001 [\*](#tfn2-ijms-13-02515){ref-type="table-fn"}            
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*T*~a~, annealing temperature (°C); *N*~A~, number of alleles; *H*~O~, observed heterozygosity; *H*~E~, expected heterozygosity; *P*~HW~, Hardy-Weinberg probability test; CT, Constanta population; MG, Mangalia population;

indicated deviation from Hardy-Weinberg equilibrium (*P* \< 0.05) after Bonferroni's correction.
